Introduction
The hydrostatic systems with variable load, as well as the value and the nature of action, are used in many indrustries. There may be different hydraulic solutions using the appropriate braking valves ( Fig. 1.1 ), whose tasks include brake piston rod loaded with cargo, where it is necessary to receive power during lowering, including excavators, wheel loaders or cranes. With the correct setting, the valve also controls the movement of the piston rod with the variable load throught the work cycle (for example -eject and/or return movement of the piston rod). Thus it provides a stable work wih active force (the force vector and velocity vector are in the same sense) and passive force (the force vector and velocity vector have opposite sense). Examples of applications with braking valves are: scissor lifts, hydraulic cranes or containers lifting systems in garbage trucks. Importantly, all of the hydraulic machines operating in the EU, working as a cranes or lift loads above 1 tonne, must be secured before breaking wires. This protection is achieved thanks to braking valves. The main European document that describes the essential safety requirements for currently marketed or put into using of machinery in the European Union is directive 2006/42/EC. In the field of hydraulic systems and components of machines, the norm harmonized with the Directive 2006/42/EC is accordingly BS EN ISO 4413 (Drives and hydraulic control -General rules and safety requirements for systems and their components). One of the most important feature of the norm is to realize manufacturers and service staff of machines, etc., what are the dangers of using a hydraulic system. To the most notable include, among others, these about the typically mechanical origin, for example, associated with moving actuators, inadequate material strength of the components or accumulation of energy. Another important group are those resulting from the failure of the machine control system, for example, manifesting unusual reactions machines and systems as a result of loss of power supply or unexpected extrudes of machine parts or substances. It should be noted that the safety of these installations often depends on the reliability of the control circuit. For this purpose, in their construction it is necessary to take into account the requirements of the PN-EN ISO 13849-1 -Parts of control systems security. Research on this valve have been undertaken before those provisions came into effect and according to the data sheet of one of manufacturer [8] which gave only a small, incomplete and general information -the flow sciENcE aNd tEchNology characteristics and the flow resistance characteristics through checkvalve (flow through the valve in the opposite direction without the need to throttle). Table 1 presents work parametres for this specific braking valve from Ponar Wadowice. Therefore it seems appropriate to conduct a more thorough analysis of the brake valve`s behavior at its various settings and the possibilities of control, which is included in this article. During operation of these systems there may appear vibrations, uncontrolled movements of the piston rod, as well as the power losses during the lowering of loads (active load) -the issues discussed subsequently various examples of machines in the literature [1, 2, 3, 4, 6, 7, 9, 10, 14, 17] . In the papers [1, 3, 11] , there are also negative energetic aspects, which are inherent to the inappropriate use of valves, for example, very high pressure in hydraulic systems and heating of the oil, which means there is the outflow of energy as heat. However, specialist literature does not discuss the problem that may arise in such systems, namely a negative pressure in one of the chambers of the actuator and the cavitation phenomenon which are dangerous and may lead to the destruction of the system. The worst situation is when machine works with an active force, for example, lowering the load. Insufficient pump capacity and excessive speed of the piston rod can reduce the pressure in the supply line actuator, which can be a cause of pressure below atmospheric. The adverse situation may also occur in case of a power failure, in the moment when the system is loaded activly. During the restart difficulties with smooth and controlled start-up and operation of the actuator are observed, and thus the entire mechanism, especially at large masses of cargo and supporting structures. It is important, therefore, that the system ensured the safety work of the entire device, including safe control and operation.
Because of the need for accuracy of hydraulic actuators, the research on the control systems of movement of the piston rod, the braking and start-up, in varying operating conditions is needed. The interest in these issues on the part of the engineering industry and the transport was a direct reason to work on the construction of position to study the behavior of systems with variable load for different hydraulic solutions. The envolved system is designed for solutions with a pump fixed or variable capacity unit with double-acting actuator, as part of an executive with the ability to change its load, as well as the value and the nature of action. In the Division of Working Machines, Drives and Control at the Technical University of Lodz laboratory stand was built (Fig. 2) for testing hydraulic systems with variable load cylinder, equipped with two identical counterbalance valves. The entire system is described in the literature [13] , simulation test system were included in the article [12] , and model verification position was included in the author PhD thesis. The counterbalance valve model was verified by experimental investigations of the system and thus helped further simulation of the valve itself. The graphs below show the diagrams of variables, during the piston rod extends (Fig.  3.1 -Fig. 3.3 ) and during its return to the cylinder of the hydraulic actuator (Fig. 3.4 -Fig. 3.6 ) at variable load, constant capacity hydraulic pump and fixed valve settings. Spring pre-tension in the valves is different for the different directions, due to the different surfaces (side of the piston or the piston rod cross-sectional area). Therefore, remember to set the valves for the various directions of the actuator, so as not to expose themselves for dangerous situations. The results confirm the good quality of the model. Average deviations are as follows:
eject of the piston rod: 
Analysis of the braking valve type counterbalance
The counterbalance valve is controlled by two independent pressures. Their weighted sum gives a signal to open the valve. Due to the construction of the valve ( Fig. 1.2 ) pressure p 3 gives much larger amplification than pressure p 1 . The valve can be opereted in both directions of flow movement, as the braking valve (1→2) or check valve (2→1).
Flow from channel 1 to channel 2 is structurally restricted by the plunger which is based on the spring. As long as the pressure p 1 and p 3 , acting on two sections A z1 and A z2 , not overcome the force of the spring, the piston does not move and fluid cannot flow. In addition, the design of the valve allows to adjust initial deflection of spring x z0 , which gives the possibility to force the corresponding value of total pressures required to open the valve. This parameter determines a hydrostatic system response to the input value, and its choice is crucial for the proper operation of the system. The mathematical description of the valve was analyzed based on the literature [5, 15, 16] , in which the physical and mathematical models of pressure valves with indirect and direct action with one and/or two control pressures was described.
The condition of the valve opening and start-up flow is to filfilled the dependence (1):
Fig. 3.1. Experimental and model waveforms of control pressures p 2 and p 3 of the braking valves during the eject of piston rod

Fig. 3.6. Experimental and model diagramss of speed of actuator v T during the return movement of piston rod
Fig. 3.5. Experimental and model diagramss of whole lenght of actuator L sil during the return movement of piston rod
Fig. 3.4. Experimental and model diagrams of control pressures p 1 and p 3 of the braking valves during the return movement of piston rod
Fig. 3.2. Experimental and model waveforms of whole lenght of actuator L sil during the eject of piston rod.
Fig. 3.3. Experimental and model waveforms of speed of actuator v T during the eject of piston rod
sciENcE aNd tEchNology
where:
A z1 -cross-sectional area of the brake valve plunger, A z2 -cross-sectional area of an additional element brake valve plunger, k s -stiffnes of the spring, x z0 -initial deflection of the spring.
The flow through the resulting orifice defines the equation (2) . The displacement of the plunger within the valve is limited by the construction of the valve (3).
( )
where: Q sz -volume of the fluid flows through the valve, A sz -cross-sectional area of the valve orifice, c sz -discharge coefficient of the flow rate ρ -fluid density x z -deflection range of the spring during the movement of the plunger
The equation of motion of the plunger within the valve (4):
where: m zt -mass of the plunger, v z -velocity of the plunger within the valve, f z -hyper viscous drag coefficient within the valve, Based on measurements of the actual geometry of the valve and an analysis of its assembly drawing, which has been given by the manufacturer the company "Ponar Wadowice" a physical and mathematical model of such a valve has been created. Its description has been brought to the state variables and solved by numerical methods using computer software Lazarus. Block model used in the description was presented below (Fig. 4) .
The simulation program with a simple interface which allows to observe the response of the valve to change of operating conditions and settings has been developed. (Fig. 1.2) , which, in the absence of flow through the valve, increases the pressure p 1 to a value required to overcome the force of spring initial deflection. With the increase of the control pressure p 3 the gap expands in the valve and the pressure p 1 decreases to a point in which the valve is fully open. Further increase of pressure p 3 does not affect the movement of the valve piston, which abuts the stopper ring. Characteristics of pressure valve (Fig. 5) correspond to the theoretical assumptions, which appear in the literature [2] . Displacement of the piston x z , at a given adjustment and a constant input function by the flow, presented in Fig. 6 .
The simulation tests valve
To investigate the behavior of the valve at its various settings simulation tests at a constant flow rate have been carried out. The counterbalance valve characteristics shown in Fig. 7 . Through increase or decrease the pressure p 3 has been checked hysteresis effect, that is dependence of the current state of the system to the state in the preceding moments. The sum of control pressures p 1 and p 3 , needed to open the valve, varies with the change in the valve setting x z0 . The flow through the valve at a smaller initial deflection of the spring occurs at low pressure p 3 and low increasing of its is needed to fully open the valve. The valve is then very sensitive and works well at low loads, where precision counts. The opposite situation occurs when the valve setting is large and need a greater control signal. We achieve then high pressure p 1 and it is needed in addition sufficiently large p 3 . Hysteresis occurs in the test valve, but it decreases with the increase in the spring stiffness and initial deflection of spring.
To accurately trace the plunger displacement inside the valve, simulation tests of the valve, forced only by pressure p 1 with absence of p 3 , has been done. Accordingly, by slowly increasing and decreasing the input signal p 1 , the appearance of hysteresis verified that occurs in the initial phase of opening of the valve, as shown in the enlarged view in Fig. 8 . A further increase of pressure p 1 results an increase in movement of the plunger inside the valve, to the fully opened position, that is, the back of the plunger of the thrust ring.
To pay more attention to the dynamics of the valve and to show its reaction to the linear forcing the simulation tests have been done. The input signal flow was directed to a circuit coupled to the channel 1. Sample diagrams of pressure and plunger movement inside the valve for different initial settings of the spring show in Fig. 9 . The higher initial setting of the valve, the bigger pressure p 1 and the noticeable jump of this pressure appear after the valve is opened and the displacement of the plunger is smoother, without any vibrations. A lower setting results a higher susceptibility of the piston to vibrations during the opening. However, the pressure required to open the valve is reduced, without pressure peaks. The time of the valve opens is changing and it occurs more rapidly at low settings of the valve, when the valve is forced by the same input signal.
The control of the valve opening by means of one pressure p1 is encountered in practice very often. In this case, the valve acts as a pressure valve. Its operation will be similar to the braking valve with an internal control (Fig. 10) , which is used to stop or hold a load back when the actuator does not need full power at the end of stroke. In the literature, it is sometimes called a over-centre (overcenter) valve [3, 6] or internally piloted counterbalance valve [7] , as opposed to dual-pressure valve (internally/externally piloted counterbalance valve), which was the subject of this paper. This type of counterbalance valve retards continuosly, so it restists flow even after work contact stops the actuator. Power supply can be reduced and it allows to reduce pressure in the system and, in case of emergency, its stop and re-start occurs smoothly without shock and overload. However, the disadvantage of this valve is necessity to adjust the valve at each change of load. 
Evaluation of the impact of setting the braking valve on the behavior of the hydraulic system
Based on experimental studies of the valve on the test stand the behavior of a system with counterbalance valves in various operating conditions of hydrostatic system was examined. Below there are examples of diagrams at the wrong settings of valves in the least favorable cycle, the so-called emergency. It means that, when the passage is in an active load it is switched off (approximately 12 th second of movement) and then re-powered (approximately 18 th second of movement) (Fig. 11 and Fig. 12 ). Unfortunately, in the case of mismatched settings of the valve, system vibrates, and the pressure reaches large and useless value.
While well-chosen setting valves (Fig. 13) , the system moves smoothly both with a passive and active load, which gives a stable machine behavior and safety of its work. Thanks to the correct settings also provide low operating pressure, which has a positive effect on energy balance, that is a key element of today's research.
Conclusions
Choosing the setting of braking valves, all the conditions in which it will be working in the hydraulic system must be considered. Any change in the conditions requires different settings of the counterbalance valve. The above developed results show that the correct settings of the counterbalance valve provide smooth and stable behavior of the hydraulic system even in the case of lack of power supply. The paper discusses the simulation programs, both for the valve and for the hydrostatic system, so it is possible to analyze various parameters of any system. In addition, we have the ability to choose the right setting of the counterbalance valve, which will provide a fully controlled movement of the piston rod under all load conditions in any hydrostatic system with actuator. 
